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A Generation Adjustment Methodology Considering
Fluctuations of Loads and Renewable Energy Sources
Yuchen Tang, Student Member, IEEE, Jin Zhong, Senior Member, IEEE, and Jianing Liu
Abstract—Increasing penetration of renewable power sources
(RESs) is bringing more uncertainties to power systems. Real-time
economic dispatch should be able to handle the ﬂuctuations caused
by the load as well as RESs, and obtain new optimal operating
points after deviating from original generation schedules. This
paper proposes a generation adjustment algorithm based on the
base point and participation factor method. The objective of the
method is to obtain fast adjustments to generators' real power
outputs in real-time economic dispatch. The proposed method
achieves signiﬁcant and consistent improvements comparing to
the original participation factor method by using a more precise
model of transmission losses in the optimization process. The
computational burden and execution time of the proposed method
is much less than OPF and heuristic economic dispatch methods.
The proposed method and its effectiveness are tested using IEEE
30-bus system, IEEE 118-bus system, and GuangDong 1018-bus
system. Simulation results are demonstrated with comparisons
and discussions.
Index Terms—Economic dispatch, generation adjustment, gen-
eration scheduling, participation factors.
I. INTRODUCTION
E CONOMIC dispatch has been used for a long time inpower system operations to minimize the cost of power
production [1], [2]. The classical model of economic dispatch is
based on the well-known equal incremental cost principle [1],
[2]. The optimal power ﬂow (OPF) method was ﬁrstly proposed
by Carpentier [3] in 1962, and it has been well-applied to solve
economic dispatch problem effectively by optimizing the gen-
eration cost subject to power ﬂow equations and other system
constraints [2]. Heuristic techniques, such as genetic algorithm
(GA) [4], particle swarm optimization (PSO) [5], and differen-
tial evolution (DE) [6], [7] are also applied to solve economic
dispatch problems.
On the other hand, the increasing penetration of renewable
energy sources (RESs) results in more uncertainties to power
systems. Robust OPF techniques [8], [9] have been proposed
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in response to this situation. These methods adopt robust opti-
mization techniques so that the optimal solution can be obtained
with uncertain ﬂuctuations from loads and RESs.
The uncertainty caused by RESs may also be solved from
another aspect. The generation forecast of RESs, such as wind
farms, is not accurate enough until it is within very short term,
such as 5-min ahead forecast. So it will be extremely helpful to
have a method which can adjust generation schedule in real time
to follow the ﬂuctuation. To fulﬁll the need of real-time opera-
tion, such method should have good accuracy in optimization
as well as fast execution speed.
In this paper, a fast generation adjustment algorithm is pro-
posed to handle the fast ﬂuctuations of loads and RESs. The
algorithm is based on the base point and participation factors
method [2]. Assume that optimal generation schedules are made
according to the load forecast, and in real-time operation, the de-
viations of loads and RESs from the schedule are obtained by
ultra-short-term forecasts. The proposed method is able to ob-
tain optimal adjustments to generation schedules according to
the deviation of active power at each bus in the system.
Signiﬁcant improvements have been made for the proposed
method to achieve better accuracy, comparing to traditional
methods. The key advantages of the proposed method are: 1)
comparing to OPF and heuristic economic dispatch algorithms,
it is much faster and simpler, which is crucial for real-time
operation; 2) the solution can be obtained reliably since there
is no convergence problem; and 3) the method achieves better
accuracy by a precise modeling of transmission losses, which
adopts second order approximation and special slack selection
method. In comparison, current heuristic methods usually
do not involve the effect of transmission losses due to the
complexity of modeling.
The paper is organized as following: In Section II, the
traditional participation factor method is brieﬂy reviewed. In
Section III, the modeling of transmission losses in the appli-
cation of generation adjustment is presented. The proposed
algorithm is formulated in Section IV and the constraints in
this problem are discussed in Section V. The proposed method
is tested with real power grid data in Section VI and the results
of the case studies are compared and discussed as well. Finally,
Section VII provides the conclusions of this paper.
II. REVIEW OF THE BASE POINT AND PARTICIPATION
FACTORS FOR ECONOMIC DISPATCH
The participation factor method introduced in [2] provides
a fundamental idea on how to obtain optimal operation points
which minimize the generation cost nearby a given optimal
operation point (base point). To compare with the proposed
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method, the participation factor method is brieﬂy described
here. By the classical economic dispatch principle, the incre-
mental cost of all generators in the system should be equal at
the base point. The equal incremental cost is denoted as ,
which is also the Lagrange multiplier of the Lagrange function
(1)
where is the total cost, and is the vector of genera-
tors' outputs.
If the number of generators is NG, the equal incremental cost
can be expressed as
(2)
Assume that the load has a small ﬂuctuation , and the
equal incremental cost moves from to at the
new optimal point when the generators' output vector changes
from to . Regard as a function of , by
Taylor expansion
(3)
which is true for to NG. Also notice that:
(4)
So (3) can be simpliﬁed as
(5)
To achieve the new equal incremental cost at , the change
should be equal for each generator. So it has to satisfy
(6)
Also by the power balance, the sum of generation change should
be equal to the demand change, neglecting the change in trans-
mission losses:
(7)
Solve (6) and (7) and the result can be expressed as
(8)
which is the participation factor for each generator under small
load ﬂuctuation. Assume that the cost functions for generators
are quadratic functions, which are most commonly adopted:
(9)
The can be calculated directly. However, the effect of trans-
mission losses is neglected in this approach. In the following
sections the new method is proposed considering transmission
losses.
III. MODELING OF TRANSMISSION LOSSES
FOR GENERATION ADJUSTMENT
A. Transmission Losses in Economic Dispatch Problem and
Methods to Handle It
In classical economic dispatch models, the Lagrange function
involving transmission losses is
(10)
and the equal incremental cost for an optimal operating point
is expressed as
(11)
where is total transmission losses, and
is usually called the penalty factor for generator .
Currently there are three major ideas on how to treat trans-
mission losses and its derivatives to generations in economic
dispatch modeling. The ﬁrst idea is to simply ignore it, which is
adopted in some heuristic methods. The second idea is to con-
sider the effect of transmission losses in power balance only,
which means when the load changes, the change in transmission
losses will contribute an extra portion to the power imbalance.
The third idea [4], [10] indeed involves transmission losses in
the optimization process, and techniques such as loss coefﬁ-
cients [1] are used to model transmission losses
(12)
and the penalty factor is modeled by
(13)
The optimization results obtained based on the ﬁrst and
second idea might be less accurate, because transmission losses
will affect the optimal distribution of generation [11]. The third
method is rather reasonable and the penalty factors are widely
used in economic dispatch models.
On the other hand, in the application of generation adjust-
ment, different from general economic dispatch models, two
points are identiﬁed to model transmission losses in a more
precise way. The ﬁrst point is that when the expression of
changes from (2) to (11) after including transmission losses,
the calculation of , which is needed as shown in (3),
will involve the derivative of to . In
[11], ﬁrst order approximation of transmission losses is adopted
to include transmission losses into participation factors, which
means that is regarded as constant. How-
ever, the expression of transmission losses is non-linear, so a
second order approximation of transmission losses is built in
this paper, and the derivative of to is
calculated by using the second order derivatives
This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.
TANG et al.: GENERATION ADJUSTMENT METHODOLOGY CONSIDERING FLUCTUATIONS 3
and . The second point is the slack bus se-
lection, which will be explained in details in the following part,
where the calculation of the derivatives of transmission losses
is discussed.
B. Derivatives of Transmission Losses to Generators' Outputs
The loss coefﬁcients can be used to calculate the deriva-
tives of to . Sensitivity methods are also proposed to
calculate in loss minimization problems [12]–[14].
In this paper a modiﬁed sensitivity method is adopted to meet
the requirement of slack bus selection.
The precise expression of the total active power loss in the
system is
(14)
where NL is the total number of transmission lines in the system,
and are the bus indexes at the two ends of line is the
voltage angle difference at the two ends of line , and is
the conductance of line .
From (14), it can be found that the system loss is a function of
voltage angles of all buses, while voltage angles are determined
by bus power injections. The effects of reactive power and bus
voltage magnitude are considered to be small and neglected. As
a result, the partial derivative can be expressed as
(15)
The term can be obtained directly from (14),
using the base point data. In [13] and [14], is
expressed by the inverse of Jacobian matrix directly.
However, in this paper, is calculated using the sen-
sitivity relationship by the DC power ﬂow model. The concept
is similar to the calculation of network sensitivity factors in
[2], but modiﬁcation is made so that the slack can be chosen as
speciﬁc distributed slacks rather than single slack at reference
bus.
The DC power ﬂow model is
(16)
So
(17)
The partial derivative is calculated separately for
each generator. For a speciﬁc generator is set to represent
the unit increment of this generator. However, to balance the
power, this unit increment of generation should be compensated
by an equal decrement of generation (or increment of load) at
another part of the system, which is called the slack bus(es).
Obviously different choice of slack bus will lead to different
results of , because with different choice of slack bus,
the changes of power ﬂow will be different.
If all the other elements in are set to zero, the slack be-
comes the reference generator because it will compensate any
power imbalance automatically. The situation is similar, namely
the slack is at the reference bus, if is obtained by
the inverse matrix or using loss coefﬁcients method. This
Fig. 1. Simple system to illustrate the selection of slack bus.
is the right choice if the load is speciﬁed and unchanged in the
general economic dispatch and loss estimation problems.
However in the application of generation adjustment, it is as-
sumed that loads deviate from the base point by . This
vector contains the value of load deviation at each bus. Also
assume the total load deviation is positive. Then ac-
tually represents the change of total loss when there is a small
increment at generator , and this small increment is compen-
sated by the deviations of loads rather than the decrement of
reference generator. A simple example is used to illustrate how
to select the slack bus(es) with the system shown in Fig. 1.
Assume generator 1 is the reference bus. Consider the case
where the loads at bus 3 and bus 4 deviate from the base point
by 20 MW and 10 MW, respectively, and is to be
calculated. Set a unit increment at generator 2. According to the
changes of loads, 2/3 of the unit increment is compensated by
bus 3 and the other 1/3 by bus 4. So in this case should be
set to
(18)
The vector represents the unit increment of generator 2 with
the distributed slack. Notice that the index is mismatched be-
cause reference bus is not included in the DC power ﬂow equa-
tions. In general, the vector for generator k with distributed
slack should be set as (19a) if the total load deviation is positive
and set as (19b) if the total load deviation is negative:
(19a)
(19b)
Also, for the reference generator, there is no place for it in
vector. Then should be set as (19c), which only contains the
distributed slack. Since the entire power imbalance is compen-
sated by the reference generator, the result will reﬂect a unit
increment at the reference generator:
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(19c)
Symbol and denote the mismatch of index. The elements
represent the distributed slack. Actually the distributed slack
is the normalized vector of the load deviations:
(20)
and this choice of slack buses reﬂects the actual power ﬂow
change after the generation increment, corresponding to the par-
tial derivative .
Put the vector at the position of in (17),
the vector for generator k can be calculated. Since
is equivalent to using
the result of .
To make the calculation process more clearly, the
can be expressed in the matrix form
(21)
Furthermore, the ﬁnal result of , which is a
matrix involving all generators and all lines, can be calculated
using the matrix expression
(22)
is the connection matrix. Each row of corresponds to
a transmission line and contains a “1” and a “ ”at the “from”
and “to” bus index of the line. is the combination of for
.
Thus the ﬁrst order derivative can be calculated using (15).
And to calculate the second order derivative, is as-
sumed to be constant in a speciﬁc case, which is reasonable be-
cause the relationship between voltage angle and active power
injection is approximately linear, different from the transmis-
sion losses case. Differentiate to , and the result
is
(23)
The expression can be applied to both and .
The in the equation can also be obtained from (14),
and is calculated already. Thus the ﬁrst and second
order derivatives of transmission losses to generators' outputs
can be calculated.
IV. GENERATION ADJUSTMENT ALGORITHM
In this paper, the number of buses in the system is denoted
as NB. Assume that an optimal base point has been given and
the deviation of load from the base point is denoted by ,
which is an vector corresponding to each bus in the
system. In the proposed algorithm, the load deviation is speci-
ﬁed at each load bus, rather than a total value for the participa-
tion factor method. Load deviations at different buses will affect
the distributed slack, and lead to different results in the deriva-
tives of transmission losses to generators' outputs. The deviation
of RESs can be regarded as negative load deviation and included
into the vector. The optimal generation adjustment ,
which is a vector for each generator, is to be obtained.
Similar to the participation factor method, there should be a
new equal incremental cost at the new optimal
operation point, and should be equal for each generator, in
order to achieve the new equal incremental cost. So the equation
(24)
holds for to NG.
Following the discussion in Part A of Section III, according to
(11), the precise expression of after involving trans-
mission losses is
(25)
In the above equation, the derivatives of generation cost are
easy to calculate, and the derivatives of transmission losses are
calculated by the method introduced in the previous section. So
the values of can be calculated. Put these values into
(24), and the result becomes (26), shown at the bottom of the
page.
This forms the equation set to solve . Notice that the
vector obtained from the equation set (26) is a normalized
vector for the generation adjustment result. This vector is called
the generation adjustment factors, which will be used for further
adjustments due to system constraints. Comparing (26) to (6)
(26)
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and (7), since is no longer zero when
cannot be obtained directly. Fortunately, (26) is a set of linear
equations and can be solved easily.
If the system constraints are not considered, the actual genera-
tion adjustments can be calculated bymultiplying the generation
adjustment factors to the total load deviation plus the change of
transmission losses. The change of losses can be estimated as
(27)
and the generation adjustment result is
(28)
Moreover, system constraints need to be considered in order
to apply the algorithm to practical applications. This is discussed
in the following section.
V. CONSTRAINTS IN THE ECONOMIC DISPATCH PROBLEM
There are two major concerns relating to the system con-
straints in the proposed algorithm. Firstly, the equal incremental
cost (11) at base point only holds for the generators not reaching
their upper or lower limit, whereas for generators operating at
the limits, their incremental cost is not equal to . For example,
at base point, assume that is the incremental cost for genera-
tors operating at lower limit, is the incremental cost for gen-
erators operating at upper limit, and is the equal incremental
cost. It is evident that
(29)
If the load increases a little bit, the new equal incremental cost
increases to . In the proposed method, it is assumed that
is still between and , since the method is used to obtain
optimal solutions after small ﬂuctuations. With this assumption,
the generation adjustment is only calculated for the generators
not operating at their upper or lower limits, while other gener-
ators are not adjusted. Test results show that this criterion im-
proves the optimization result in most cases, when the assump-
tion still holds for small adjustments. However, if the load de-
viation is too large, it might cause deterioration to optimization
results as the assumption no longer holds. This criterion is also
applied to the original participation method in the simulations.
Secondly, the system constraints need to be satisﬁed after the
generation adjustment. The common constraints, including gen-
eration limit constraints, reserve constraints and transmission
line limit constraints, can be handled by a secondary adjustment
in the proposed algorithm.
Generators may reach or exceed their upper or lower limits
after the adjustment. In that case the portion of power which ex-
ceeds the limits is transferred to all remaining generators which
still have capacity, in proportion with their generation adjust-
ment factors. It is assumed that the generation adjustment fac-
tors remains proportional with each other around the local area
of the secondary adjustment.
The generation reserve constraints can be handled by ad-
justing the upper limit data of generators according to real-time
conditions.
To meet the transmission line limit constraints, the power
transfer distribution factors (PTDF) [2] can be used for a sec-
ondary adjustment. If a transmission line is overloaded, a pos-
sible solution is to zero out the generation adjustment factors
for generators who have high sensitivities to that line, and then
normalize the vector of generation adjustment factors again.
However, it is difﬁcult to integrate this adjustment to the op-
timization process. On the other hand, it is assumed that for a
well-designed power system, the base points usually have no
overloading problem, and the adjustments are usually not large.
So the current work does not include the transmission line con-
straints in the generation adjustments.
VI. CASE STUDY
The proposed generation adjustment method was tested in
three systems: the IEEE 30-bus system, the IEEE 118-bus
system, and the GuangDong 1018-bus system provided by the
GuangDong Power Grid Co., China [15]. The algorithm was
programmed in MATLAB R2010a, and the simulation was
assisted by the Matpower toolbox [16] for AC-OPF calculation.
The process of each simulation case is set as follows:
Step 1) Obtain the base point using AC-OPF.
Step 2) Set the load ﬂuctuation. Load ﬂuctuations can occur
at any buses in the system. Two types of scenario
are tested: 1) loads deviate from the base point at
several buses; 2) loads deviate from the base point
by a certain percentage at all load buses.
Step 3) Obtain the new operation point after the deviation
using the proposed method and other methods as
comparison.
The proposed method is compared with four other methods:
1) adjust generation in proportion to the base point generation
to balance the load, namely no optimization; 2) the original
participation factors method; 3) the participation factor method
with transmission losses modeled by ﬁrst order approximation
as proposed in [11]; and 4) the AC-OPF, which is considered as
the true optimization result. The OPF result is also used as the
standard to calculate errors of other methods.
Two criteria are adopted for the comparisons among the
above methods. The ﬁrst one is the total generation cost, and the
second one is the generation adjustment errors. The generation
adjustment errors are the difference between the generation
adjustments calculated by OPF and other methods
. The generation adjustment errors include the
average error and the maximum error:
(30)
A. IEEE 30-Bus System
1) Case 1.1: The IEEE 30-bus system is a small system
and only one case is illustrated. The load deviation is assumed
to be 10% load increase at all load buses. At base point, the
optimal generation cost calculated by AC-OPF is 8906.15$/h.
Table I shows the generation cost and generation adjustment er-
rors after load deviation, obtained by the proposed method and
other methods:
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TABLE I
GENERATION ADJUSTMENT RESULTS FOR CASE 1.1
TABLE II
LOAD DEVIATIONS FOR CASE 2.1
The results show that the proposed method provides the
lowest total generation cost and almost identical com-
paring to OPF. The participation factor methods with ﬁrst order
modeling of losses and without considering losses also reach
close results in terms of total cost. And the proportional in-
crease method lags behind. Besides, although the difference in
the total generation cost is small, the proposed method indeed
provides much smaller generation adjustment errors.
B. IEEE 118-Bus System
The IEEE 118-bus system is larger and more practical than
the 30-bus system. The base point is obtained using AC-OPF
with original system data, and the total generation cost at base
point is 129 660.69$/h. Two sets of simulations are illustrated
using this system and the results are analyzed.
1) Case 2.1: In this case the load deviation is assumed to
occur at six buses, with both increases and decreases, as shown
in Table II. To illustrate the ability of the proposed algorithm to
handle uncertainties caused by RESs, wind farms are assumed
to connect to the system at Bus-2, Bus-16, Bus-33, and Bus-75,
and it is assumed that unexpected heavy wind leads to sudden
output increase at those buses, which is modeled as load de-
crease equivalently. Besides, unexpected load increase occurs
at Bus-60 and Bus-78 at the same time. The total load deviation
is MW consisting of 100 MW of wind generation increase
and 20 MW of load increase.
The proposed method and four other methods are applied to
obtain the optimal operation point after this load deviation. The
results are shown in Table III.
From Table III, the advantage of the proposed method can be
easily recognized. The proposed method follows the AC-OPF
result very well. The original participation factor method, al-
though better than the proportional increase method, still lags
TABLE III
GENERATION ADJUSTMENT RESULTS FOR CASE 2.1
TABLE IV
GENERATION ADJUSTMENT RESULTS FOR CASE 2.2 (5% LOAD INCREASE)
TABLE V
GENERATION ADJUSTMENT RESULTS FOR CASE 2.3 (10% LOAD INCREASE)
behind the proposed method. The results also show that the ac-
curacy of the proposed method is better than the method using
ﬁrst order approximation of losses.
2) Case 2.2 and Case 2.3: In Case 2.2 and Case 2.3, the load
deviation is assumed to be 5% and 10% load increases at all load
buses, respectively. Table IV shows the results of Case 2.2, and
Table V shows the results of Case 2.3.
The results of these two cases also support the effectiveness
of the proposed method. Comparing to the participation factor
method, the proposed method has lower total generation cost,
and much smaller generation adjustment errors.
On the other hand, the improvement from the ﬁrst order
model of losses is still limited. In the ﬁrst order model,
is treated as constant and the second order deriva-
tives are ignored. But itself is small since is
usually a small portion of . Thus is
very close to 1. The result of the ﬁrst order model is obtained
by multiplying the participation factors to ,
so there would not be very large difference between these two
methods. However, if second order approximation is adopted,
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Fig. 2. Average error results under wider range of load deviations.
TABLE VI
GENERATION ADJUSTMENT RESULTS FOR GUANGDONG
SYSTEM (5% LOAD INCREASE)
the second order derivatives in (25) are calculated precisely,
and the formulation is different comparing (25) and (26) to (4)
and (6).
The result by the proportional increase method is the worst,
which is not unexpected.
More cases are simulated to test the proposed method with
larger load deviation. The average error results of the proposed
method and the participation factor method under a wider range
of load deviations are illustrated in Fig. 2. From the ﬁgure, it
shows that the accuracy of the proposed method is reasonably
acceptable with a load deviation lower than 15% of the total
load. The accuracy starts to deteriorate a little bit when the load
deviation exceeds 15%. And if the load deviation exceeds 20%,
the accuracy of this method might be less competitive, but still
much better than the participation factor method.
C. GuangDong 1018-Bus System
The GuangDong power grid is the provincial grid in Guang-
Dong, China. The real data of GuangDong power grid is used to
test the proposed method in practical operation. The system data
includes all components in service in one operating scenario,
with 106 generators, 1018 buses, 1656 branches, and 31 909
MW of load at the base point.
Two cases which involve 5% and 10% of total load increase
are tested. To be concise, only the results by the proposed
method, the AC-OPF and the participation factor method are
given. Tables VI and VII show the results for the two cases.
The proposed method achieves obvious improvements over
the original participation factor method, especially for much
smaller generation adjustment errors. The improvement in the
total generation cost is not as large as the error results, but still
considerable and consistent.
TABLE VII
GENERATION ADJUSTMENT RESULTS FOR GUANGDONG
SYSTEM (10% LOAD INCREASE)
TABLE VIII
EXECUTION TIME OF AC-OPF AND THE PROPOSED METHOD
D. Execution Time Comparison
The execution time of the proposed method is compared with
AC-OPF method. Both methods are executed in MATLAB
R2010a in the same computer. The average CPU time for
one execution of the two methods is recorded, for the simu-
lations on 118-bus system and GuangDong 1018-bus system.
Table VIII shows the average execution time.
In the 118-bus system, the execution time of the proposed
method is only around 1/20 of AC-OPF. And in GuangDong
system, the proposed method needs only 1/9 of AC-OPF's exe-
cution time.
E. Discussions on the Results
Simulation results verify that the proposed method can obtain
the optimal generation adjustments after small load deviations
with very high accuracy, and the execution time is much shorter
than the AC-OPF method.
The results on the IEEE 30-bus system and 118-bus system
show that the proposed method achieves better accuracy with
the second order approximation of losses as well as distributed
slack, comparing to the ﬁrst order model of losses.
The results also indicate that the proposed method always
has much smaller generation adjustment errors comparing to
the participation factor method, which means that the proposed
method can obtain adjusted generation schedules much closer
to the OPF results. However, the degree of the improvement in
total generation cost may vary in different systems, possibly be-
cause that the positive error and negative error by other methods
could cancel out with each other under speciﬁc system data.
Still, the proposed method can consistently obtain lower gen-
eration cost comparing to the participation factor method.
The accuracy of the proposed method remains good when the
load deviation reaches around 15% to 20% of the total load, and
deteriorates when the load deviation is larger. The deterioration
of the result is probably caused by two reasons: one is the error
caused by the linearization of the actual non-linear system; and
the other is the inﬂuence of triggered generators' constraints to
the equal incremental cost principle, as discussed in Section V.
The most suitable range of the proposed method is load devi-
ations within 15% of the base load. This range is acceptable
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considering the variation of RESs. For instance, the RES pene-
tration is 30% and the short time ﬂuctuation is 50% of all RESs.
The total deviation is 15% and the proposed method can still
provide good accuracy.
VII. CONCLUSION
This paper proposed an algorithm for real-time economic dis-
patch by modifying the classical base point and participation
factors method. The algorithm aims to obtain optimal genera-
tion adjustments with unexpected ﬂuctuations from loads and
RESs in real-time operation. With a precise model of the effect
of transmission losses, the proposed algorithm can achieve sig-
niﬁcant and consistent improvements on following the optimal
generation schedule provided by OPF and minimizing the gen-
eration cost after the adjustment. The optimization results can
have very good accuracy when the load deviation is within 15%
of the total base load. The proposed algorithm is reliable with
no iteration and convergence problem, and its execution speed
is also a strong advantage for real-time operation comparing to
OPF. Thus, the proposed algorithm is very suitable to be used in
the real-time economic dispatch in systemswith large uncertain-
ties, such as high penetration of RESs, and optimal generation
plans can be obtained dynamically whenever the uncertainties
cause deviations from the original generation schedule.
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